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(54) Fuel injector 

(57) An outwardly opening fuel injector comprises a 
valve needle (1 6. 71 ) movable within a bore (12. 73) and 
engageable with a seating to control the supply of fuel 
from the bore (12, 73), the needle (16, 71) being move- 
able outwardly of the bore (1 2, 73) to move the needle 
(16, 71) away from its seating, the needle (16, 71) being 
biased towards its seating by a spring (32, 75), the 
spring (32, 75) engaging a spring abutment arrange- 
ment associated with a part of the needle (16, 71) re- 
mote from the part thereof engageable with the seating, 
the spring abutment arrangement (26, 70, 72, 74, 77) 
further acting to guide movement of the needle (1 6, 71 ). 
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Description 



accordance with an embodiment of tlie invention; 



[0001] This invention relates to a fuel injector for use 
in supplying fuel to a combustion space of a compres- 
sion ignition intemal combustion engine. In particular, 
the invention relates to an injector of the outwardly open- 
ing type which can be controlled using an electronic con- 
trol arrangement. Such an injector is suitable for use in, 
for example, a common rail type fuel system. 
[0002] According to the present invention there is pro- 
vided an outwardly opening fuel injector comprising a 
valve needle movable within a bore and engageable 
with a seating to control the supply of fuel from the bore, 
the needle being moveable outwardly of the bore to 
move the needle away from its seating, the needle being 
biased towards its seating by a spring, the spring en- 
gaging a spring abutment arrangement associated with 
a part of the needle remote from the part thereof en- 
gageable with the seating, the spring abutment arrange- 
ment further acting to guide movement of the needle. 
[0003] The spring abutment arrangement may com- 
prise a spring abutment member carried by the part of 
the needle remote from the part thereof engageable with 
the seating. 

[0004] The spring abutment member conveniently 
tal<es the form of a sleeve which surrounds part of the 
needle. The sleeve may be in screw threaded engage- 
ment with the needle, or alternatively may be secured 
thereto by welding, using a spring clip, or using any other 
suitable technique. 

[0005] The spring abutment member may be ar- 
ranged to guide movement of the needle by engaging 
part of the wall of the bore within which the needle is 
located. Alternatively, the spring abutment member may 
be arranged to engage the wall of a second bore formed 
in a separate member, the second bore extending co- 
axiaily with the bore within which the needle is located. 
[0006] The injector conveniently further comprises a 
piezo-electric actuator arrangement. The piezo-electric 
actuator arrangement may comprise an actuator ar- 
ranged to move a piston to control the fluid pressure 
within a control chamber, part of the needle being ex- 
posed to the fluid pressure within the control chamber 
[0007] The spring abutment arrangement may. alter- 
natively, comprise a guide region arranged to guide the 
needle for sliding movement, a fixing region for securing 
the guide region to the needle and an abutment region 
arranged to engage the spring, the guide region trans- 
mitting the spring load from the abutment region to the 
fixing region. Two of the regions may, if desired, be in- 
tegral with one another. 

[0008] The guide region may be slidable within a bore 
formed in a sleeve located with a nozzle body. 
[0009] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a sectional view illustrating an injector in 
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Figure 2 is an enlargement of part of Figure 1; 

Figures 3 and 4 illustrate modifications to the em- 
bodiment illustrated in Figures 1 and 2; 

Figures 5 and 6 are views similar to Figures 1 and 
2 illustrating an alternative embodiment; 

Figure 7 illustrates a modification to the arrange- 
ments of Figures 1 to 6; and 

Figure 8 is a sectional view illustrating a further al- 
ternative embodiment. 



[0010] The injector illustrated in Figures 1 and 2 com- 
prises a nozzle body 10 having a through bore 12 
formed therein. The bore 12 is shaped, adjacent its low- 
20 er end, to define a seating 14. A valve needle 16 is lo- 
cated within the bore 12, the needle 16 including, at its 
lower end, a region 18 of enlarged diameter which is 
engageable with the seating 14 to control communica- 
tion between a part of the bore 12 upstream of the seat- 
2S ing 14 and a chamber 20 defined between part of the 
lx>re 12 downstream of the seating 14 and a part of the 
enlarged diameter region 1 8 of the needle 1 6. A plurality 
of outlet openings 22 are provided in the nozzle body 
10 and arranged such that, as the needle 16 moves 
30 downwardly away from the seating 1 4. the openings 22 
come into communication with the chamber 20 to permit 
delivery of fuel through the openings 22. 
[0011] The upper end of the needle 16 is provided with 
a screw thread formation 24 which engages a corre- 
35 sponding formation provided upon the interior of a 
spring abutment arrangement in the form of a spring 
abutment member 26. The spring abutment member 26 
takes the form of a cylindrical sleeve of outer diameter 
slightly smaller than the diameter of the adjacent part of 
40 the bore 12. It will be appreciated that the engagement 
of the spring abutment member 26 with the wall of the 
bore 12, and the engagement of the region 18 of the 
needle 16 with the lower end of the bore 12 guides the 
needle 16 for movement along the axis of the bore 12. 
45 [001 2] The bore 1 2 defines a step 28 with which a sec- 
ond spring abutment member 30 engages. A compres- 
sion spring 32 is located between the spring abutment 
member 26 and the second spring abutment member 
32 to bias the valve needle 16 in an upward direction, 
so in the orientation illustrated, the bias the region 1 8 of the 
needle 1 6 into engagement with the seating 1 4. In order 
to allow the use of a spring of relatively small diameter 
but constructed of relatively large diameter wire, the 
screw thread formation 24 is conveniently of generous 
ss root radius and of a suitable pitch to allow the spring 32 
to pass the screw thread formation 24 by rotating the 
spring 32 relative to the needle 1 6. the spring abutment 
member 26 being secured to the needle 16 after the 
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spring 32 has been located upon the needle 16. Such a 
screw thread formation further has the advantage that 
stress concentrations are reduced. It has been found 
that the use of a smalK cbse fitting thread can form a 
reasonably good seal due to the long flow path for es- 
caping fluid. 

[0013] The spring abutment member 26 is conven- 
iently secured to the needle 1 6 to avoid undesirable rel- 
ative rotation therebetween, in use, by inserting a pin 34 
though openings provided in the spring abutment menn- 
ber 26. the pin 34 extending within a groove or other 
formation formed in the upper end surface of the needle 
16. Alternatively, the pin may engage within castellation 
like formations provided in the spring abutment member. 
As further alternatives, a conventional lock nut, lock 
screw or other thread locking technique may be used. 
[0014] As illustrated in Figures 1 and 2, the bore 12 
communicates with a supply passage 36 through which 
fuel is supplied to the bore 12 from a suitable source of 
fuel under pressure, in use, for example the common 
rail of a common rail fuel supply system which is charged 
with fuel at a high pressure by an appropriate fuel pump. 
In order to ensure that the second spring abutment 30 
does not restrict the flow of fuel towards the seating 1 4, 
in usG, openings 38 are provided in the second spring 
abutment member 30. 

[0015] The face of the nozzle body 10 remote from 
the end thereof including the seating 14 abuts a piston 
housing 40 which includes a drilling forming part of the 
supply passage 36. and a through bore within which a 
piston member 42 is slidable. The through bore, piston 
mennber 42, the adjacent face of the nozzle body 1 0 and 
part of the bore 12 together define a control chamber 
44. Clearly, the upper end faces of the valve needle 16 
and the spring abutment member 26 are exposed to the 
fluid pressure within the control chamber 44, thus the 
fluid pressure within the control chamber 44 applies a 
force to the needle 16 which acts against the action of 
the spring 32 and the action of the fluid pressure within 
the nozzle body 10. 

[0016] The piston housing 40 engages a nozzle hold- 
er 46 within which a piezo-electric actuator 48 in the form 
of a stack of ptezo ceramic material is located. The lower 
end of the actuator 48 engages an anvil 50 which, in 
turn, engages a slip plate 52. The slip plate 52 engages 
the upper end of the piston member 42. The slip plate 
52 and the adjacent end of the piston member 42 are 
shaped to compensate for slight misalignment between 
the axis of the actuator 48 and that of the piston member 
42. A spring 54 is engaged between the piston member 
42 and the upper surface of the piston housing 40 to 
bias the piston member 42 towards the actuator 48. The 
spring 54 takes the form of a wave spring, but it will be 
appreciated that other types of spring, for example a 
disc spring or a helical compression spring, could be 
used. 

[001 7] The nozzle body 1 0 and piston housing 40 are 
secured to the nozzle holder 46 by a cap nut 64. 



[0018] In use, fuel under pressure is supplied through 
the supply passage 36 to the bore 12. The diameter of 
the seating 14 and that of the spring abutment member 
26, and the force applied to the needle 16. are chosen 

s to ensure that the application of fuel under pressure to 
the bore 1 2 does not cause movement of the needle 16 
away from the seating 14 at this time. It will be appreci- 
ated that the force applied by the spring may be reduced 
compared with a conventional arrangement as the di- 

10 ameterof the spring abutment member can be relatively 
large. 

[0019] A small amount of leakage of fuel between the 
bore 12 and the spring abutment member 26 occurs, 
thus fuel is supplied at a low rate to the control chamber 

75 44. Leakage also occurs at a controlled rate between 
the piston member 42 and the through bore provided in 
the piston housing 40, permitting fuel to escape from the 
control chamber 44 to a low pressure drain resen/oir, for 
example the fuel tank. The fuel pressure within the con- 

20 trol chamber 44 is therefore relatively low. An optional 
radial seal, such as an 'O' ring, may be provided be- 
tween the slip plate 52 and the bore of the nozzle holder 
46. This would substantially eliminate the flow of fuel 
from the control chamber 44 to the low pressure drain 

25 reservoir. 

[0020] When injection is to commence, the actuator 
is energised to extend in length resulting In movement 
of the piston member 42 against the action of the spring 
54. Such movement pressurizes the fuel within the con- 

30 trol chamber 44 thus Increasing the downward force ap- 
plied to the needle 16, and a point will be reached be- 
yond which the needle 1 6 is able to move in a downward 
direction, outward of the bore 12. to permit fuel to flow 
to the chamber 20 and through one or more of the open- 

3S ings 22. The rate at which fuel can escape from the con- 
trol chamber 44 to the low pressure drain reservoir is 
chosen to be at a sufficiently low level that the pressure 
within the control chamber 44 remains high throughout 
the desired injection period. 

40 [0021] The rate at which fuel is delivered Is dependent 
upon the number of openings 22 which are brought into 
communication with the chamber 20 by the movement 
of the needle 1 6. The distance through which the needle 
16 moves depends upon the magnitude of the extension 

45 of the actuator 48. Clearly, therefore, the rate of injection 
can be controlled by appropriate control of the extension 
of the actuator 48. 

[0022] In order to terminate injection, the actuator 48 
is deenerglsed and returns to substantially its original 

50 length. As a result, the piston member 42 moves under 
the action of the spring 54, reducing the fluid pressure 
within the control chamber 44 thus reducing the magni- 
tude of the downward force applied to the needle 16, 
and as a result the needle 16 is able to return into en- 

55 gagement with the seating 14 under the action of the 
spring 32. 

[0023] In the event that the actuator fails during injec- 
tion, the leakage of fuel from the control chamber 44 to 
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the low pressure drain will eventually cause the fuel 
pressure within the control chamber 44 to fall to a suffi- 
ciently low level to terminate injection, thus the injector 
is fail-safe. The leakage of fuel from the bore 12 to the 
control chamber 44, in use, compensates for gradual 5 
changes in the length of the actuator 48, for example 
resulting from temperature changes. 
[0024] Figure 3 illustrates a modification in which the 
spring abutment member 26 is secured to the upper end 
of the needle 1 6 by welding after appropriate location of io 
the spring 32 rather than using a screw thread formation, 
and Figure 4 illustrates an arrangement in which the 
spring abutment member 26 is secured in position using 
a spring clip 56. In both of these arrangements, the pres- 
ence of fuel under pressure between the needle 16 and *5 
the spring abutment member 26 may expand the spring 
abutment member 26 to compensate for dilation of the 
bore 1 2, thus reducing leakage of fuel from the bore 1 2. 
[0025] The embodiment Illustrated in Figures 5 and 6 
differs from that described hereinbefore In that a dis- 
tance piece 58 is located between the nozzle body 10 
and the piston housing 40. thus allowing a spring of rel- 
atively large diameter to be used. The spring abutment 
member 26 engages the wall of a second bore 60 ex- 
tending through the distance piece 58 in order guide 2S 
movement of the needle 16. Clearly, in order to ensure 
that the needle 16 is properly guided, the second bore 
60 must be coaxial with the bore 12 of the nozzle body 
1 0, and this is achieved by a plurality of fingers 62 which 
are integral with the distance piece 58, the fingers 62 30 
defining the lower end of the bore 60. The fingers 62 
locate, in use, within the upper end of the bore 12 to 
ensure that the bore 12 is coaxial with the second bore 
60. The fingers 62 further define a plurality of flow paths 
along which fuel flows, in use, from the supply passage 35 
36 to the bore 12. 

[0026] Operation of the embodiment of Figures 5 and 
6 is as described hereinbefore with reference to Figures 
1 and 2, and so will not be described in detail. 
[0027] It will be appreciated that the embodiment of 
Figures 5 and 6 may be modified using the modifications 
illustrated in Figures 3 and 4. 

[0028] Figure 7 illustrates a modification which can be 
Incorporated into any of the embodiments described 
hereinbefore. In the modification of Figure 7, the lower 4e 
end of the needle 16 protrudes from the bore 12, the 
lower end of the needle 1 6 being of increased diameter 
and being engageable with a seating defined around a 
lower end of the bore 1 2. The needle 1 6 is provided with 
a plurality of outlet openings 22a which are positioned 5< 
In axially spaced locations such that the number of 
openings 22a through which fuel can be delivered at any 
instant is controlled by controlling the position of the 
needle 16. The openings 22a communicate with the in- 
terior of the bore 12 through drillings 22b provided in the 
needle 16. 

[0029] Figure 8 Illustrates a fuel injector which, in 
many respects, is similar to or identical to the arrange- 



ments described hereinbefore, and only the important 
distinctions between the arrangement of Figure 8 and 
those described hereinbefore will be described. 
[0030] In the arrangements described hereinbefore, 
the spring abutment arrangement comprises a sleeve 
which is screw-threaded upon an end region of the nee- 
dle. In the arrangement of Figure 8, the spring abutment 
arrangement comprises a guide region in the form of a 
sleeve 70 which surrounds part of a needle 71 . The di- 
ameter of the sleeve 70 and the adjacent part of the nee- 
dle 71 is such as to ensure that fuel Is only able to es- 
cape therebetween at a restricted rate. The sleeve 70 
is slidable within a bore formed in a hollow cylindrical 
member 72 which is received within an upper part of the 
bore 73 within which the needle 71 is received and 
moveable. The sleeve 70 and member 72 are a suffi- 
ciently good fit that the sleeve 70 is able to slide within 
the bore of the member 72, but leakage therebetween 
is restricted to a very low rate. 

[0031] The lower end of the sleeve 70, in the orienta- 
tion illustrated, abuts an annular spring abutment mem- 
ber 74 which engages the upper end of a spring 75, the 
other end of which engages a spring abutment member 
76 located against a step formed in the bore 73. The 
upper end of the sleeve 70 abuts a fixing member in the 
form of a nut 77 which is in screw-threaded engagement 
with the upper end region of the needle 71 . The nut 77 
is conveniently provided with a formation 78 permitting 
the introduction of a fixing pin which cooperates with 
both the nut 77 and the needle 71 to secure the nut 77 
against rotation relative to the needle 71 . If desired, the 
pin and the formation 78 may be omitted, and instead 
the nut 77 secured against rotation relative to the needle 
71 by means of welding, using a spring clip or any other 
suitable technique. 

[0032] As illustrated in Figure 8, the nut 77 is received 
within a bore 79 formed in a distance piece 80, the bore 

79 defining a chamber which forms part of a control 
chamber, the fuel pressure within which is controlled by 
means of an actuator arrangement, for example of the 
type illustrated in Figures 2 and 6. The bore 79 is of re- 
duced diameter compared to the part of the bore 73 with- 
in which the member 72 is k)cated. It will be appreciated, 
therefore, that the lower surface of the distance piece 

80 adjacent the bore 79 defines a step against which 
the member 72 is engageable. 

[0033] In use, fuel under high pressure Is supplied to 
the bore 73 through appropriate passages (not shown). 
It will be appreciated that the fuel pressure within the 
bore 73 is high, applying a relatively high magnitude up- 
wardly directed force, in the orientation illustrated, to the 
member 72. urging the member 72 into engagement 
with the step. The engagement between the member 72 
and the step defined by the distance piece 80 is suffi- 
> cient to form a seal between the member 72 and the 
distance piece 80. As the member 72 and the sleeve 70 
together form a substantially fluid tight seal, and the 
sleeve 70 and needle 71 together form a substantially 
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fluid tight seal, it will be appreciated, therefore, that fuel 
is only able to flow from the bore 73 to the bore 79 at a 
very restricted rate. 

[0034] The dimensions of the needle 71 are such that 
the application of fuel under pressure to the bore 73 ap- 
plies an upwardly directed force to the needle 71. This 
force results from the diameter of the sleeve 70 being 
greater than the diameter of the lower end of the needle 
71 where it is guided for sliding movement in the bore 
73. The action of the spring 75 serves to assist the action 
of the fuel under pressure in urging the needle in an up- 
ward direction, the action of the spring 75, the spring 
load being applied to the needle 71 through the abut- 
nnent member 74, sleeve 70 and nut 77. The action of 
the fuel under pressure and the spring 75 is sufficient to 
ensure that the needle 71 is held in the position illustrat- 
ed in which outlet openings similar to the openings 22a 
illustrated in Figure 7 are obscured by the lower end of 
the bore 73. Injection of fuel Is therefore not taking place. 
[0035] When fuel injection is to occur, the actuator is 
energized to increase the fuel pressure within the cham- 
ber defined, in part, by the bore 79. thus applying a 
downwardly directed force to the needle 71 . A point will 
be reached beyond which the magnitude of the down- 
wardly directed force will be sufficient to cause the nee- 
dle 71 to move against the action of the spring 75 and 
the fuel under pressure within the bore 73 to a position 
in which fuel injection can occur. Fuel injection is termi- 
nated by relieving the fuel pressure within the control 
chamber defined, in part, by the bore 79, the needle 71 
retuming to the position illustrated under the action of 
the spring 75 and the fuel pressure within the bore 73. 
[0036] It will be appreciated that, if desired, the sleeve 

70 may be formed integrally with either the spring abut- 
ment member 74 or the nut 77. It will further be appre- 
ciated that as the member 72 forms a substantially fluid 
tight seal with the distance piece 80, the fit of the mem- 
ber 72 within the bore 73 need not be a sealing fit. and 
the member 72 can adopt a position in which the needle 

71 is held substantially co-axially with the bore 73, com- 
pensating for any slight manufacturing inaccuracies. 
[0037] As the diameter of the member 72 is immaterial 
for the purposes of controlling the operation of the injec- 
tor, unlike the arrangements illustrated in Figures 1 to 4. 
it will be appreciated that the diameter ot the member 

72 can be chosen to ensure that the bore 73 is of diam- 
eter sufficient to enable the spring 75 to be of a desired 
diameter and rale. The operation of the injector can 
therefore be optimised. 



the needle (16, 71) away from its seating, the nee- 
dle (16. 71) being biased towards its seating by a 
spring (32. 75). the spring (32. 75) engaging a 
spring abutment arrangement associated with a 
5 part of the needle (16, 71) remote from the part 
thereof engageable with the seating, the spring 
abutment arrangement further acting to guide 
movement of the needle (16. 71). 

10 2. An injector as claimed in Claim 1 , wherein the spring 
abutment arrangement comprises a spring abut- 
ment member (26) carried by the needle (16). 

3. An injector as claimed in Claim 2, wherein the spring 
IS abutment member (26) comprises a sleeve (26, 70) 

which surrounds part of the needle (16). 

4. An injector as claimed in Claim 3. wherein the 
sleeve (26) is in screw-threaded engagement with 

20 the needle (16). 

5. An injector as claimed in any one of Claims 2 to 4, 
wherein the spring abutment member (26) is in slid- 
ing engagement with the wall of the bore (12). 

25 

6. An injector as claimed in any one of Claims 2 to 4, 
wherein the spring abutment member (26) is in slid- 
ing engagement with the wall of a second bore (60) 
formed in a separate member (58) located such that 

30 the second bore (60) extends generally coaxially 
with the bore (12) with which the needle (16) is lo- 
cated. 

7. An injector as claimed in Claim 1 , wherein the spring 
3S abutment arrangement comprises a guide region 

(70) moveable with the needle (71) and in sliding 
engagement with a wall of a bore to guide the nee- 
dle (71) for movement. 

40 8. An injector as claimed in Claim 7, wherein the bore 
is formed in a separate member (72) located such 
that the bore of the separate member (72) extends 
generally coaxially with the bore (73) within which 
the needle (71) is slidable. 

45 

9. An injector as claimed in Claim 7 or Claim 8, where- 
in the spring abutment arrangement further com- 
prises a spring abutment region (74) and a fixing 
region (77) for securing the guide region (70) to the 
so needle (71). 



Claims 

1. An outwardly opening fuel injector comprising a 
valve needle (16, 71 ) movable within a bore (1 2, 73) 
and engageable with a seating to control the supply 
of fuel from the bore, the needle (16, 71) being 
moveable outwardly of the bore (12. 73) to move 



10. An injector as claimed in Claim 9, wherein two of 
the guide region (70), the spring abutment region 
(74) and the fixing region (77) are formed integrally 
with one another. 

11. An injector as claimed in any one of the preceding 
claims, further comprising a piezo-electric actuator 
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arrangement. 

12. An injector as claimed in Claim 11. wherein the pi- 
ezo-electric actuator arrangement comprises an 
actuator (48) arranged to move a piston (42) to con- s 
trol the fluid pressure within a control chamber (44) 
a surface associated with the needle (1 6, 71 ) being 
exposed to the fluid pressure within the control 
chamber (44). 
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(57) An outwardly opening fuel injector comprises a 
valve needle (16, 71 ) movable within a bore (12, 73) and 
engageable with a seating to control the supply of fuel 
from the bore (12, 73), the needle (16, 71) being move- 
able outwardly of the bore (12, 73) to move the needle 
(16, 71 ) away from its seating, the needle (16, 71) being 
biased towards its seating by a spring (32, 75), the 
spring (32, 75) engaging a spring abutment arrange- 
ment associated with a part of the needle (16, 71) re- 
mote from the part thereof engageable with the seating, 
the spring abutment arrangement (26, 70. 72, 74, 77) 
further acting to guide movement of the needle (1 6, 71 ). 
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